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# E A DFT JFik7E B3LYP/6-31G" KFF, MAKEGEBFHEEM _REESHITITE. ERE
[Al(H,0)¢1**, [AI(OH) (H,0);1**, [AI(OH), (H,0),]1* M %4 [AL (OH), (H,0),]*",
[AL(OH),(H,0),1**, [AL(OH),(H,0),1**, [AL(OH),(H,0),]" RHFHiks, Al MR 0 2K
BKBEB/NF ALFIH,0 § 0 ZEHRK. ¥ H,0 RUBREE, ANERMM A0 NEEEREATHRRH
W75, £ [AL(OH),(H,0), > BAMARILMARMESR, 42 M BREEAENEEERK BB
(OH/AD R HEZME FIE A, Fet, ik Rk H,0 ® SR F T IE B F95 FrE/h.
ZREMBHRERE FH Y EBRME OH/Al A RKMBE/DN SESHNEBRELSH: AI—0(H,0) <
Al—O( OH)—Al < AI—0(O0H), B Al—0, <Al—0, , <Al—0,. JHEEH, K OH/Al Kk, Al—O0,
Al—O, SR B /. —RIKTES OH/AL ik, Al—O, SRE W/, {8 Al—O, @R ERARE,
Al—O, M 2R . Tt BEERIRE, OH/Al LR XL K HOMO B84 t5 OH/Al LR/ INEAR
LUMO BB A RATEM S, MIERESNEERLtEF REABEIERERRESAS ZEHT.
*X@R KEEET, BiE, “Hik, DFT.

RAFILE(PAC) R—FTHLR A F RSN, FEKWEBh PAC Bl AL (OH),0,°" " P ¥
SHEE. LhL, HEXVAEMELEE—F pH Nl ERESHEE. RAR_REESIRAK
(OH/AD BUMRT EZIER, BAREE, NEBRESHRANRRBESHERE PE™Y.

3O Ho L A R AR RHE TS, WA TR FRA T REEER S AL K #-RETE

1 kgl

KEEBEFRE, ZRARBEEY Al B M Al—0 AEE, = BEN%N 2 4 Al—0 A&k
B2 M EEFERTEEATIR(E ). Al—O0 BEMUIREHWEIER A X-SHRM5 Rk hN
EERY, O—H@BKBARERIED. 7 DFT-B3LYP/6-31G " KF 1“7, LI Berny J7:'* 3¢ B etk
ST @A, RShIMTHITC R AR F B SR M B0 BB T b AR/ . 2B B HRF Gaussian 98
B ER, BEOEERER N EE.
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Fig.1 Structures of monomer and dimer of aqueous aluminum ion and atomic numbering
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2.1 AU Bl

[AI(H,0), 1> BtEAL L5 B T, S8, Al—0 &K % 0.195—0. 196 nm, 55CI{E 0. 192 nm 4
P, A £ 0—Al—0 % 88.7—91.3°, Al—O BHR{UMMES IE/ATEA. #[AI(H,0),]°" F# H,0
RLLO—H 5, Al—O(OH) BB 4%, &K0.172 nm, T AlI—O(H,0)B&H M, ZFH0.197—0.199
nm. BAM - EABWEEEL. HMTFEATETS, [AI(OH) (H,0),]* BikMRIL A TR K
A5, %4 [AI(OH) (H,0),]** ¥ H,0 #—#RU 0—H 5, BFI[AI(OH),(H,0),]", FEMNAE
BB 2 PR, SEBNFE. Al—O0(OH) X 0.176—0.177 nm, T AI—O0(H,0) K
0.203 nm, MM TENFEKTE, HirdWBLE TERKEEE. HEigiidi, [Al(OH),(H,0),]" 2
—AMERETT R ESE T #/\ER A EL

[AL(OH),(H,0),]* & 2 1 Al—0 \EEESAREFEATERS (B 1), HuhEn
JB D, S8, BHES ALTERE Al—O0 g 50. 188—0. 190 nm, EEAI/KES Al TEALH Al—O 8K
0.197—0. 198 nm, 532{4 (0. 185—0. 187 nm F10. 188—0. 195 nm) #HiE. [ AL, (OH),(H,0)4]1*" &9
g L 0—Al—O0 J 83.9—96.4°, 55CHe{A(88.8—96.6°) L. SHMAAMIL, “REE LAY Al
BF 5HRBSEA O SRk W E/A\MAME. [AL(OH),(H,0),]* ## H,0 LI OH J5, Hir
AH R E & 4 k. [ AL (OH),(H,0),1°", [AL(OH),(H,0),1*" # [AlL(OH);(H,0)s]" &
FERMAR Al—0 (OH) ik 4r51% 0. 181—0. 189 nm, 0. 175—0. 194 nm #1 0. 176—0. 192 nm.
Al—O(H,0) fifbig & 4914 0.198—0. 200 nm, 0.199—0.208nm 1 0. 196—0. 221 nm. HILFETW,
Xt AN (B FEAANTI S, Al R O ZRME K E/NF ALR H,0 o 0 2 #yEK, # H,0
SFRUBEE, MTEAERTS, A Al—0 NEEREREE T HRHNBE.
2.2 ReESREN

Fk [Al(H,0),1°" 1 [Al(OH) (H,0),1*" B KA RS A K: - 700.01072%. u. F
~699. 965685a. u. BiKf [ AI(OH),(H,0),] AFFEM AL MBAL 2 Fripiiik, HERETHI 0.
~699. 746117 a.u. 1 -699.746149 a.u. , RERME/LLEN. HET [AL(OH),(H,0),]1*" BE 8 #
TR, ARBRWRT, EBEFRUSNEKFNEEMCENARSBERAR (K1).

miF 1 f4, 1,3,8,12-[9%% [AL(OH),(H,0),]1* MEERRIK, BERENILMHE. HE
FEAE, 1,35, 12-BiiEE itk B4, 5 0, MBEMPIELH H,0 40+ HEFAZNTRE
BEE L, Bf1,3,5,12-B#AEN 1,3,5,10-R44, FES51,3,8,2-RkRA—ME, B
T —EREEMFA. H5h, 1,3,4,5-BH K7 DFT-B3LYP K- thAbat REBE RIS, PM3 KV FitHE S
MM N AR RS 1,3,5,12- 3k, £ 1,3,4,5-BWEABHER LBEWR. &
[AL(OH),(H,0), 1> BAMAFREMET, H2 MEEMEAENREERIMEK 1,3,8,12-U8H%
[ AL (OH),(H,0),1*" 5| A—4 OH 18| [AL(OH);(H,0),]". BT, BEIEMEEITA A AEER
i, ¥3FH&E7T 1,3,8,11,12-F 3 [AL(OH),(H,0),] " Sk, HAER H-1246.336587a. u.

#£1 [AL(OH),(H,0),]"" EMFMENER (a u)
Table 1 Energies (a. u. ) of the [ Al, (OH),(H,0),]*" isomers*

Sk E Sk E Stk E Stk E
1,3,5,12-  -1246.6026494 1,3,10,12-  1246.5816113  1,3,8,12-  -1246.6026494 1,3,5,7-  —1246.5965531
1,3,4,5- — 1,3,11,12- -1246.5988747  1,3,5,8-  -1246.5956445 1,3,9,12-  -1246.5988747

%1,3,5,12-/8%% 1,3,5,12-M053 5[ Al, (OH), (H,0),12*.1,3,4,5-FH &R 8L

2.3 HBEA
AR R R ikrh, Al ¥ IE s ; EFEE B4 (OH/AL) M3 K, Al Fral IEFLfiT .
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222 B OH/Al L KEP A BB FRE AICT). —RERNARREE T B TR ERE
ERFHEAR. WmfE [AL(OH),(H,0),1%" ¥, 2 MEE FHH# IERR451% 0.978 Fi 1. 049.

R2 EMESKEEBTFEEMN_REPRAFRLEFHBRFH (au)
Table 2 Atomic Mulliken charges (a. u.) of the title species "

B/ETES OH/Al BT B BF B BF B fif
[Al(H,0)41%* 0.0 Al 1.261 o, -0.751 -0.779 H, 0.520 0.529
[Al(OH) (H,0)5]%* 1.0 Al 1. 065 o, -0.749 -0.760 H, 0.493 0.510
0y, -0.780 H, 0.450
[Al(OH),(H,0),]* 2.0 Al 0.942 o, -0.737 -0.742 H, 0.470 0.485
(3H2) 0, -0.818 H, 0.417
[AI(OH),(H,0),]1* 2.0 Al 0.903 o, -0.741 -0.748 H, 0.476 0.489
(5E) 0y -0.813 H, 0.424
[ AL (OH),(H,0)s]1** 1.0 Al 1.211 o, -0.753 -0.773 H, 0.509 0.536
Opn -0. 798 H,_, 0.485
[AL (OH); (H,0),1%* 1.5 Al 1.118 1.137 o, -0.742 -0.813 H, 0.486 0.520
O, -0. 834 H, 0. 466 0,_y -0.793 -0.795
H,_, 0.472
[ AL, (OH),(H,0)4]1%* 2.0 Al 0.978 1.049 0, -0.738  -0.801 H, 0.480 0.513
0, -0.780 -0.816 H, 0.433 0.440 Oy, -0.786 -0.793
Hy_, 0.450 0.465 _
[AL (OH);(H,0)s] " 2.5 Al 0.943 0.976 o, -0.725 -0.824 H, 0.413 0.495
‘ 0, -0.762 -0.813 H, 0.403 0.460 Oy,  -0.791 -0.797
H,_, 0.444 0.456

«0, FH, SBRBAKFGOFMHET, 0, i H, REBHLOMHET, 0,,MH, AERENHFOMHET, KABHMNTE
BABRENSHE.

EREELASF O BFHHAEM, RRAERM O EFHFRETENFLN. HEFEKEN
SMBRE 2 HMERNERET, —RERSWFE3I HERXN 0, BIH,0H 0,, BEh O, MBEH
B0, WH,O0FHOME, FIFfEMA -0.73—-0.82a. u.. OH/AI [ K, —RIEBERHKE
BEAENARY. XFHERE O, WME, OH/ALl Lkt Ko}, Frwrfi it A m L. mEERE 0,,3%
OH/Al lWEKIF B/, BB iR -0.79—-0.80a. u.. HAREDHSH, HEFHWFIERT.
OH/Al H{E KR, BAEH IR H, B IERATA /. —REHEES H,, Jri IE 8 6t bl
OH/ Al H{E 3 KW vek /).

2.4 Mulliken 77 25

B ERERTE, ERESHNMPEEERRERMN Al—0 8, BIIW@EERFAK. BX3 T
o, BEHIKER: Al—0, <Al—0,, <Al—0,, B Al—O(H,0) <Al—O(OH)—Al < AI—O(OH).
[FA—Fp2RAEIH Al—O BAEARFRIFES, HBZOAMHER. FR-EEF, Al—O,@REHERLK, W
Al—O, SRR/, STRATBEZR, FEE OH/AL K, Al—O, f1 Al—O, ¥Z#R/N.  XF —Rik
A&, OH/Al tuiK, Al—O, 38/, 1B Al—0,, ZAREE, Al—O, N2 RAN A4k,

2.5 B TFHRERE

HE4H, FEERRN ELwINRE, RAEFH#—SEABRFOTEERRSEEMRIK Hib
AW, NEBAEH, LREREEHSAH—SEZRTHES. AL MRETRER ERERR
F5IA OH % H,0 §33#8. B3LYP/6-31G " /KE T Hi+E LR RV, OH i) HOMO & O JHFH
P LT BT 3B 0 2P, F1 2P, R FHUE AT, Euowo =0.048 a. u., BB, BRHALET. EE
FHFAOH REH,0 5, HAFERLTHE, MEFHERE. LhHERAREZATHT
2. F4BERY, AI(D) MESHS OH/AL LLA&/het, LUMO gER Ak, BRESZhTRRE I AoA,
MIZBAESKE. XES A #Hke-REdBeEER—FH.
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B% S WA, [AL(H,0),]°" # HOMO #J2 M H,0 #1 0 iy A0 T4, MIEMR S FHEREIL,
e B RO RRAE £ 2 B R THUER M RRE. ik, EARTHIK, ERMHTEHSE SR H,0
O BT, MXMHEES, AR THEMERMEEAETERESE O RFHBEERA O ET,
HYH & H,0 % O 1T, X ERAEAHS LUMO, FToE KRR Al KT, H,0 #1450 JE7H H
F, HERFEHE RN, XEAEIRTREMLERMEESEER ALET, H,LOHH O
FEFMHEF. EERENE, XTREAESEIMS, SREFEMER AlJFTX LUMO # 5
BRI R EAERD, RIS TR E R AR 4 BTH, BEL OH/ALE R, BLH
BREgE 2RMMAE L. Heh [Al(H,0),]°" & [AL(OH),(H,0), 1" WAIKXAERRZEKR, |
AU R R R Rk iR E AL

‘ #£3 Al—O 5 pY Mulliken 75 JE %
Table 3 Mulliken populations (a.u. ) of Al—O bonds for the title species *

BETES Al—O0, Al—0, Al—0,,,
[AI(H,0)¢]%* 0. 1943—0. 2061
[AI(OH) (H,0)4]%* 0. 1624—0. 1796 0. 4086
[AI(OH),(H,0),]* 0.1364—0. 1618 0. 3663
[Al, (OH), (H,0),1** 0. 1738—0. 2088 0. 2209—0. 2322
[Al, (OH),(H,0),]1** 0.1675—0. 2181 0.2724 0.2062—0. 2328
[AL(OH),(H,0)6]%* 0.1213—0. 1842 0.3162—0. 4247 0. 1873—0. 2321
[AL (OH)s(H,0)5]* 0. 1278—0. 1665 0. 2696—0. 4411 0.1997—0. 2185

"0, 0, # 0, HIREK . BREMBERTHEET.

R4 BFHRSKEEETRAN_RENIHRSTHERE (2 v) RASRHERSRE

Table 4 Energies (a. u.) of the frontier molecular orbitals and their gaps

%%?%ﬁ EHOMO ELUMO ELUMO - EHOMd %%?%?ﬁi EHOMO ELUMO ELUMO - EHOMO
[Al(H,0)4]%* -0. 8305 ~0.4930 0.3375 |[[AL(OH);(H,0),]3*  -0.6828 -0.3954 0.2874
[AL(OH) (H,0)5]%* -0.5816 -0.3164 0.2652 ||[ AL, (OH),(H,0)¢]%*  -0.5183 ~0. 2665 0.2518
[AI(OH),(H,0),]*  -0.4225 -0.1459 0.2766 || [AL(OH)s(H,0)s]*  -0.3877 -0.1192 0. 2685
[AL(OH),(H,0)3]**  -0.8644 ~0.5364 0. 3280

£S5 BMEDKEEHETREM _RAWIHRSTREHR (%)

Table 5 Constituents (% ) of the frontier molecular orbitals for the title species *

BETES HOMO LUMO
[AI(H,0)4]%* 0 100.0 058.2, H25.4,A116.4
[AL(OH) (H,0)5]%* 0,8.1, 0,7.8, Al3,0, H1.0 0,559, H,25.0, H,0.4, Al16.7, 0,2.0
[AI(OH),(H,0),]* 0,85.0,0,9.9,A14.4,HO.7 0,45.7,H,21.4,H, 1.3, A122.8, 0, 8.8
[ AL, (OH), (H,0)4]1%* 0,,,90.5, 0,8.7, Al0.4, HO.4 0,465, H 18.4, H,; 4.0, Al18.7, 0, 12.4

[AL(OH); (H,0),1** 0,,156, 0,768, 0,49, Al21, H0O.6 0,,10.1, 0,17, 0,46.9, A117.7, H,, 3.8, H,0.3, H, 19.4
[AL (OH),(H,0)¢]?* 04,12, 0,841, 0,89, Al5.3, H0.6 0,,7.1, 0,3.6, 0,46.8, Al17.7, H,, 3.1, H,0.6, H,21.1
[Al,(OH)s(H,0)s]*  0,,08,0,8.3, 0,78, AI94, HQ7  0,,9.3,0,11.0,0,34.5, A121.6, H,, 3.5, H, 2.8, H, 17.3

« BRE RN S THIELR, AR CG/2C, ¢ HEARS THIEMNERTHERL

2.6 AI(I)WRELRE

ALCIT) B fn — BRIk A LUMO FE 2/ Al X H,0 M EE R T A0 T4, ER/KBNEST,
HOMO FERH#EE 0 9 A0 Frdal. Bk, K SHELPR LR2E T OH ™ i HOMO F#UKM S M
LUMO M E/EANIH Al-O(H,0) #E R Al—O(OH) M E. RAMBRAFSMARREEESH
HOMO #1 LUMO # EAE A @2, Al—O(OH) —Al B Al—O0—Al {2 {H A B KR, k47
M, TRBAEERE Rk, B4 IHE(OH/ADBEXES N HOMO 84 5548 1§ OH/ Al B/MNES
f LUMO RERMIE S EZRIE, MIERAZMEERMEE T URAABETEREAFERARZH
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#13, %55 ALERYTR B —2
3 g

KEEBTFREN_RENEAS, BEUERRMAGKSEFEERANER. BEKEEE
B BRSNS, BEMERCEAERRIE. B4 WE(OH/AD) KEHEA BEL 8B TR
AI(ID). OH/Al $AkJEZH) HOMO 864 5 OH/Al £/MEZ ) LUMO BESUiE RE BB, FIEMA
SEERERT, NTERRAESESZARERE.
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DFT INVESTIGATION ON THE MONOMERS AND
DIMERS OF AQUEOUS ALUMINUM ION

JU Xue-hai ' FAN Xiao-wei'  MA Hai-xia'  ZHAO Tian-sheng *
(1 Department of Chemistry, Nanjing University of Science and Technology, Nanjing, 210094, China;
2 Key Laboratory of Energy Resources & Chemical Engineering, Ningxia University, Yinchuan, 750021, China)

ABSTRACT

Quantum chemical calculations for the monomers and dimers of aqueous aluminum ion were performed at
the DFT-B3LYP/6-31G"* level. [AlI(H,0),1**, [AI(OH) (H,0),]*" and [ A1(OH),(H,0),]" were
calculated for the monomers. [ AL,(OH),(H,0),]1**, [ AL (OH),(H,0),1**, [Al,(OH),(H,0)s]*"
and [Al, (OH), (H,0)5]", as well as their isomers, were calculated for the dimers. The bond length
between Al and hydroxyl O is obviously shorter than that between Al and water O. The octahedralskeleton with
6 coordinates is aberrant with water being substituted by hydroxyl groups. Among the isomers of [ Al,(OH),-
(H,0)¢]%", the stability is lowed by two neighbor hydroxyl groups. With the ratio of OH/Al increasing, more
electrons flow to the AI( I ), and at the same time, the positive charges on the water hydrogen atoms decrease
for both monomers and dimers. The order for the bond strengths is; Al—O (H,0) < AI—O(OH)—Al <
Al—O(OH), i.e., AI—0, < A1—0,, < A1—0,. For the monomers, the bond strengths of Al—O, and
Al—O, decrease as the ratio of OH/Al increases. For the dimers, the bond strengths of Al—0, decrease as
the ratio of OH/Al increases, however the bond strengths of Al—O,_, hardly vary, and Al—O, vary
irregularly. The energies of HOMOs in isomers with large ratio of OH/Al are close to or even slightly larger
than those of LUMOs with small ratio of OH/Al, and the former could easily donates their electrons to the lat-
ter. The polymeriztions take place mainly among different isomers.

Keywords: Monomer, dimer, aqueous aluminum ion, DFT.
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